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Table-1. Variable Definitions. Descriptive Statistics, and Data Sources
ELL Reimbursement by NECA pius matching 0.628 1.287 Federal-State joint Board. Monitoring
state funds paid to LECs per household for Report (1994)
the subscriber line charge waiver.
ELU Reimbursement by NECA to LEC's per 0.043 0.092 Federal-State Joint Board. Monitoring
houschold for connection assistance. "Report (1994)
ELLU ELL + ELU 0.671 1.327 Federal-State Joint Board, Monitoring
Report (1994)
EUSF The Universal Service Fund per household. | 3.48 4.80 Federal-State Joint Board. Monitoring
Report ’
Y Disposable personal income per capita. 13181.55 2114.58 Regional Economic Information System,
Bureau of Economic Analysis
RL Percent of state's population residing in 3224 14.33 U.S. Bureau of the Census. 1990 Census
rural areas in 1990. of Population
BL Percent of state's population which was 9.82 9.28 U.S. Bureau of the Census. 1990 Census
black in 1990. of Population
HP Percent of state's population which was of 5.25 7.55 U.S. Bureau of the Census, 1990 Census
Hispanic origin in 1990. of Population

Table. Coelation Matrix of the Variables )

p——— T ——:
PR IR wrr | tpr | ELLu | EUSF | v RL BL HP
PR 1000 | -0.426 | 0370} 0210 | 0201 | 0253} 0630 | 0317 | -0439} -0.163
IR 0426 | 1000 { 0143 | 05131 0317 | 0259 | -0.083 | -0067 § 0395 0.6l
WFR | 0370 | 0143} 1000 i 0224 | -0.094 | -006I P 0331 ! 045l 0.1625r 0242
LDI 0210 1 0513 ! 0224 1000 ! -0351 | -0447 | 0183 | 0000 0.000[ 0.000
ELLU | 0201 | 0317 ) 0094 } -0351 } 1000} 0198} 0115 ! 0057 '0'2451 0.132
EUSF | 0253 | -0259 | 0061 | 0447 | 0198 | 1000 { -0352 | 0355 | -0.084 lL 0.089
Y 0.630 IL 0083 | -0331 | -0.183 | 0115} -0352 | 1.000 | -0574 | -0.043 E 0.147
RL -0.317?L 0067 | 04511 0000} 0057} 0355 ! 0574 1000} 0013 i -0.534
BL -0.439 E 0395 | 0162 | 0000 | 0245 | -0084 | 0043 | 0013 ! 1000 ! -0.|48I|
HP 0163 | 0161 | 0242 | 0000 | 0132} 0089 | 0147} 053 | -0.148 l.OOOH
V. Estimation Methodology and Resujts

The demand model underlying the empirical specification stems from a discrete choice

14
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model of household behavior, wherein households choose to either subscribe or not subscribe to
the public switched network. Given the aggregated nature of the dependent variable, we eschew
the logit/probit estimation procedures and instead utilize a linear probability model. This
specification of the dependent variable, however, raises two econometric issues. First, e will be
heteroskedastic. Second, the pooled nature of the data gives rise to the potential for e to be
autocorrelated over time and heteroskedastic across states.

To account for these considerations, a two-stage estimation procedure is utilizcd._ First, to
account for the known heteroskedasticity, the minimum chi-square method (a weighted least-

squares technique) is used." The weights for this procedure, w,, are
1
©  we ||,
p(1-p,)
where p, is the predicted value of the dependent variable, and 7, is the number of households.

Let e, be the weighted disturbance term from equation (6), i.e. e; = w;"e;,. The following error

structure is then assumed:

0 i=jVvs t
O’ i=j,s =t
(7 Ee,e) - 1-p/
U2
- - . .
——z-p, I=] t>s
1-p,

Thus. e, is assumed to be heteroskedastic, cross-sectionally independent. and autoregressive to
the first order within each state. Accordingly, e, can be written as,
(8) e -pe -y,

where u, obeys the properties:

“See Maddala (1983).
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0 irsjVvs t
)] Eup 4) = Vo2 iejsat"

The second stage of our estimation procedure utilizes Kmenta's (1986) technique to
obtain generalized least squares (GLS) estimators for pooled data. First, consistent estimates of
the p;'s are obtained by the sample coefficient of correlation between é, and ¢, which are the
current and lagged residuals obtained from the weighted least squares regression. Next the
Prais-Winsten (P-W) transformation is applied to the data weighted by w,. Consistent estimates
of o, can then be found using the residuals, 3,, obtained from the regression of the weighted P-
W transformed equation. Finally the weighted P-W equation is divided through by 4 _ and

reestimated to obtain our GLS estimators.

Table-3. Estimation Results

Coefficient Std. Error t-Statistic Elasticity’
Intrept 0.93748 0.007933 118.1681
IR -0.00036 0.000086 -4.2053 -0.01053
WFR -0.00155 0.000315 -4.90477 -0.01901
LD1? -0.04951 0.017074 -2.89982 -0.00575
ELLU 0.000759 0.000387 1.960678 0.001098
EUSF -0.00018 0.000147 -1.25211 -0.00144
Y 5.23E-06 3.62E-07 14.45956 0.075812
RL -0.00048 0.000066 -7.28238
BL -0.0014 0.000083 -16.9914 | —~e—eero—--
HP -0.00186 0.000145 -12.8338
R*=0.7203
IElasticities were calculated using 1993 average prices, expenditures,
and penetration levels.
Equation (5) was also estimated using LD2 without displaying any
significant differences in the regression results.

Estimation results are reported in Table 3. Beginning with the three price variables (IR,
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WER, and LD1), we find that the coefficient estimates are highly significant and negative in sign
as expected. Thus, the installation charge, the monthly recurring charge. and long-distance rates
are all seen to influence household penetration rates. Additionally, the implied price elasticities
(also reported in table 3) are consistent with earlier telecommunications studies.'* An important
finding stems from the estimated coefficient on the long-distance price variable (LD1).
Specifically, we find that long-distance prices are statistically significant and inversely related to
household penetration rates. This result is also consistent with Hausman, Tardiff, and Belinfante
(1993) who, utilizing an aggregate index of long-distance prices, also find that such prices
significantly influence the degree of universal service.

We also find that household demographic characteristics are a major factor in the decision
to purchase access to the telecommunications network. While the level of aggregation of our
own study limits the range of possible variables, such as education or age, which vary only
slightly across states, we find that other demographic variables such as race and per capita
income are strong predictors of the level of residential telephone subscription within a state.
Consistent with prior studies of telecommunications demand. both BL and HP are negative and
significant. The negative and significant sign of RL supports the hypothesis that households in
rural areas generally have smaller calling circles and, thus, a lower demand for

telecommunications services. Finally, we find that household income is both positive and highly

“Perl (1983) finds that the elasticity of the installation rate is -0.0034 while the elasticity
of the tlat rate is -0.0175 for areas with a measured service option and -0.0492 for areas where
only flat rate service is offered. However, Perl's study does not include a measure of long-
distance prices. More recently, Hausman, Tardiff, and Belinfante (1993) report an elasticity for
installation charges of -0.02 and an elasticity for basic access to measured rate service of -0.0052.
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significant. Moreover, our calculated elasticity is in the same range as other reported income
elasticities, including Perl's (1983) estimate of 0.1296 and Taylor and Kridel's (1990) estimate of
0.042.

Finally, consider the impact on universal service caused by the targeted (Lifeline and
Link-Up) and untargeted (High Cost Assistance) programs. First, the coefficient on the variable
representing targeted subsidy expenditures (ELLU) is positive and statistically significant. Thus,
ceteris paribus, the expenditure on targeted subsidy mechanisms aimed at households judged to
be at risk of dropping off the telephone network are found to accomplish their intended purpose
of promoting household penetration rates. An important caveat to this conclusion stems from the
fact that, under the current method for raising the funds used for targeted household assistance,
long-distance costs (and, therefore, prices) are increased. And, as we have already noted,
increases in long-distance rates negatively affect household penetration. Therefore. the ner effect
of even the targeted subsidy programs is in ddubt.

Second, the coefficient on the untargeted subsidy expenditures (EUSF) is negative though
statistically insignificant.'® That is, we cannot reject the null hypothesis that the untargeted USF
subsidy scheme has had no impact whatsoever on household penetration rates in the post-
divestiture period. Moreover. the USF program is currently funded by a method which increases
long-distance rates. This indicates that the current untargeted subsidy flows, including the

impact of financing those flows. actually reduce household subscription levels. Indeed, this

'*In order to examine the robustness of this and other primary results, several alternative
model specifications were attempted. These included logarithmic transformations of the
variables and inclusion of interaction variables. None of these alternative specifications were
found to significantly affect our primary conclusions.
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negative impact of the financing mechanism on household penetration rates is considerably more
severe in the case of the untargeted High Cost Assistance program, because the total subsidy
flow involved in the untargeted program is roughly 2.5 times higher than that for the targeted
Lifeline and Link-Up programs. Thus, our findings strongly suggest that the untargeted subsidy
program is not only expensive, but it actually works against achievement of the policy objective

of universal service. Accordingly, penetration rates would go up if this program were abolished.

V1. Conclusion

Public policy programs designed to promote social goals through cross-subsidization are
not at all uncommon. In fact, in regulated industries, they are virtually ubiquitous. While
economists have argued for some time that both the subsidy design and the financing of any such
subsidy may influence the efficacy of such programs, relatively little comparative evidence on
this subject has heretofore been brought to light.

The growing concemn over the provision and maintenance of universal service in the post-
divestiture period has given rise to large-scale subsidy mechanisms that are both targeted
- (Lifeline and Link-Up) and untargeted (High Cost Assistance). The financing of both of these
subsidy schemes presently occurs through charges (taxes) placed upon long-distance customers.
The advent of these side by side programs permits us to examine their effectiveness in
accomplishing the intended effect--the promotion of universal service. Based upon a demand
model of household subscription decisions. we have developed an empirical fﬁodel of household
penetration rates for telephone service in the 48 contiguous states for the 1985-1993 period.

The estimation results provide considerable insight into the economic determinants of
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household subscription decisions. Additionally, the results generate important evidence
regarding the efficacy of alternative subsidy mechanisms. As anticipated by economic logic and
favored by oral economic tradition, targeted subsidy programs are found to be much more
effective than untargeted programs. Indeed, at least in the case of the telecommunications
industry, our estimation results fail to detect any contribution whatsoever of the untargeted USF
expenditures on universal service. In contrast, targeted subsidy expenditures are found, cereris

paribus, to promote increases in household penetration rates.

Also, given the negative and significant coefficient on long-distance prices revealed in
the estimations, the results clearly indicate that the financing mechanism used to promote these
subsidy programs has been counter-productive to the achievement of the intended goal. This
finding underscores the importance of the financing mechanism used to support such subsidy
programs. It is quite possible (and appears to be the case here) that the funding system used can
frustrate achievement of the very objective being pursued, whether that objective is pursued

through a targeted or untargeted subsidy scheme.
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